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Summary
Objective: 2-[18F] ﬂuoro-2-deoxy-D-glucose (18F-FDG) began to be supplied commer-
cially to our hospital, which does not have a cyclotron, in autumn of 2005. The
purpose of this study was to compare the utility of a dual-head positron coincidence
detection (PCD) gamma camera in the detection of myocardial viability using 18F-
FDG with that of dedicated positron emission tomography (PET) and with that of
thalium-201 (201Tl) single photon emission computed tomography (SPECT).
Methods: A total of 15 patients (14 men and 1 woman, mean age: 60± 7 years,
range: 46—73) with a large acute myocardial infarction (AMI) underwent 18F-FDG PET,
18 201F-FDG PCD imaging after oral glucose loading (75 g) and Tl SPECT imaging. We
divided the SPECT and PET images into a total of 20 segments, and semiquantitative
visual analysis was performed by assessing regional tracer activities on a 4-point scor-
rmal uptake, 1 =mildly reduced uptake, 2 = severely reduceding system (DS): 0 = no
uptake, and 3 = no uptake. We summed the DS in each patient as the total DS (TDS).
Results: The TDS of the 18F-FDG PET image was 14.4± 7.7. The TDS of the 18F-FDG
PCD image was 18.7± 7.7. The TDS of the 201Tl SPECT image was 24.1± 11.5. The
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TDS of the 18F-FDG PET image was signiﬁcantly smaller than that of the 18F-FDG PCD
image. The TDS of the 18F-FDG PET image was signiﬁcantly smaller than that of the
201Tl SPECT image. The TDS of the 18F-FDG PCD image was signiﬁcantly smaller than
that of the 201Tl SPECT image.
Conclusion: The ﬁndings of the project suggest that 18F-FDG PCD is a good modality
based on its accuracy, convenience, and cost-performance for detecting myocardial
viability in hospitals that do not have a PET system.
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time window of 15 ns. Position non-linearity and
energy non-uniformity of the detector unit were
corrected in real time. In the 2D mode, axial coin-© 2009 Japanese Colleg
reserved.
Introduction
Positron emission tomography (PET) represents
the most advanced scintigraphic imaging tech-
nique developed for in vivo evaluation of cardiac
physiology and biochemistry. A large number of
radiopharmaceuticals have been developed to
study myocardial perfusion, energy metabolism,
and autonomic innervation. Metabolic imaging
with 2-[18F] ﬂuoro-2-deoxy-D-glucose (18F-FDG) has
emerged as an important clinical application for
the assessment of tissue viability in patients with
coronary artery disease (CAD) and impaired left
ventricular function [1]. It is of great clinical value
in determining if invasive revascularization ther-
apy or conservative medical treatment should be
instituted. PET imaging with FDG has been widely
used to assess myocardial viability in patients with
myocardial infarction because it provides accu-
rate information concerning the differentiation of
reversibly ischemic myocardium from scar tissue
[2—6]. However, widespread implementation of
PET as a clinical imaging modality has been hin-
dered by the high cost of the imaging system,
cyclotrons, support laboratories, maintenance, and
operation [7]. Recently, 18F-FDG imaging using
single photon emission tomography (SPECT) with
511 keV collimators was introduced as an alter-
native method for the evaluation of myocardial
metabolism and viability. However, discordance
between SPECT and PET and the loss of accu-
racy for the detection of viable myocardium can
occur due to the more limited spatial resolu-
tion and lower counting sensitivity compared with
dedicated PET [8—11]. More recently, dual-head
gamma cameras modiﬁed with positron coincidence
detection (PCD) have become available for 18F-
FDG imaging, which provided comparable spatial
resolution and system sensitivity as PET [12,13].
Although 18F-FDG imaging using PCD has been val-
idated and mainly used for tumor detection, the
cardiac application of 18F-FDG PCD imaging is still
limited [14,15]. The purpose of this study was
to investigate the potential ability of quantita-
tive 18F-FDG PCD to evaluate myocardial viability
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ompared with a dedicated PET camera using 18F-
DG.
aterials and methods
maging instrument
8F-FDG PCD imaging was performed using a gamma
amera equipped with 19-mm thick NaI (Tl) crys-
als and rectangular ﬁeld of view detectors with
ﬁeld of view of 50 cm× 30 cm (PCD, Picker New
ork City, NY, USA). Two detectors were posi-
ioned opposite each other with the capability
f simultaneously detecting one annihilation pho-
on in each detector resulting from the same
ositron emitter. A 15-ns timing window was
pplied to identify coincidence events. Addition-
lly, a dual-window technique was used to accept
he coincidences between photopeak—photopeak
vents and photopeak—Compton scatter events.
lit collimators were used to reduce the acci-
ental coincidence counts from activity outside
he ﬁeld of view and reduce the effects of low-
nergy scattered radiation in the two-dimensional
cquisition mode. The pre-windows were adjusted
o 511 keV± 30% of photopeak and the physical
easurements of PCD for the spatial resolution,
ystem sensitivity, count rate, and scatter frac-
ion are reported in Table 1. 18F-FDG PET imaging
as performed with a dedicated PET (SET-2400W,
himadzu, Kyoto, Japan), which had a large 20-
m axial ﬁeld of view and a 59.5-cm transaxial
eld of view, and consisted of 32 rings of 21504
GO crystals, giving 63 two-dimensional imaging
lanes. Signals from the photomultiplier tubes were
rocessed to the position of the crystal in which
he gamma photon hits it by using a coincidenceidence path acceptance was controlled from 1
o 8 to optimize sensitivity and axial resolution.
he system had content septa 1-mm thick and 55-
m long for the 2D mode. Sixty-three sinograms
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Table 1 Performance of the gamma camera and dedicated PET camera in two-dimensional mode.
Cameras Resolution
(FWHM:mm)
Sensitivity (kcps
per kBqml−1)
Scatter
function (%)
NERC
kcps kBqml−1
PET 4.4 8 13.1 73 28
PCD 5.7 1.8 22 3.9 0.2
PCD, coincidence gamma camera; PET, SET-2400W; NECR, noise-equivalent count rate.
F injected intravenously after 75 g oral glucose loading, and
1 er 50min and 110min, respectively.
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Table 2 Patients’ characteristics.
Age (years) 60± 7
Gender (men/women) 14/1
Vessel (LAD/LCX/RCA) 12/2/1
Peak CPK (IUml−1) 7593± 2818
Mean time to reperfusion (h) 5± 6
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1igure 1 18F-FDG imaging protocol. FDG (300MBq) was
8F-FDG PET and 18F-FDG PCD imaging was performed aft
ere stored in a large acquisition memory (1GB) in
he 2D mode. A dead time correction and physical
ecay correction of radioisotope were performed
n real time in the memory. A 68Ge—68Ga trans-
ission scan using a 185MBq external rod source
as acquired in a 640mm radius. A simultaneous
ransmission—emission scan was performed in the
ET-2400W PET. The protocol for PCD and PET is
ummarized in Fig. 1.
atients
e recruited 15 patients (14 men and 1 woman,
ean age: 60± 7 years, range: 46—73) with a
arge acute myocardial infarction (AMI) between
ay 2000 and April 2001. All patients under-
ent successful percutaneous intervention (PCI).
atients with restenosis, multiple-vessel disease,
ecent myocardial infarction (<6 weeks), unsta-
le angina, diabetes, or concomitant heart disease
e.g. cardiomyopathy and valvular disease) were
xcluded. Patients with left bundle branch block,
trial ﬁbrillation, or a permanent pacemaker were
lso excluded, since these factors would inﬂuence
uantitative assessment of regional wall motion
Table 2). The involved vessel was the left ante-
ior descending coronary artery in 12 patients,
he left circumﬂex coronary artery in 2 patients,
nd the right coronary artery in 1 patient. The
eak serum creatine kinase (CK) activity was
593± 2818 IUml−1 (range: 4151—11840), indica-
E
f
o
o
uStent (multi-link/GFX/NIR) 2/1/8
LAD, left anterior descending coronary artery; LCX, left cir-
cumﬂex coronary artery; RCA, right coronary artery.
ive of a large infarction. A value for the CK
xceeding 4000 IUml−1 was used to select patients
aving a large infarction. The mean time from onset
f infarction to reperfusion was 5± 6 h (range:
0min—19 h). Coronary stents were implanted in all
atients, including MULTI-LINK stents in two cases,
GFX stent in one case, and NIR stents in eight
ases. One patient required two coronary stents.
ntra-aortic balloon pumping (IABP) was used in
our cases after PCI. All patients were appropriately
nformed according to the Regulations and Guide-
ines for Research in the University and consented
o participate in this study (Table 2).
8F-FDG PET imaging
ach patient was studied after an overnight
ast and oral administration of a dose of 75 g
f glucose 40min before intravenous injection
f approximately 300MBq 18F-FDG. Forty min-
tes later, a simultaneous transmission—emission
268 R. Seki et al.
Figure 2 Diagrammatic indication of 20 segments used for the myocardial viability study in SPECT and PET; one vertical
long-axis slice and three short-axis views at apical, middle, and basal ventricular levels. Semiquantitative visual analysis
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wwas performed by assessing regional tracer activities on
reduced uptake, 2 = severely reduced uptake, and 3 = no
scan was performed using 2D PET for 10min
per bed position. The ordered subsets expec-
tation maximization (OSEM) algorithm was used
to reconstruct transaxial images with measured
attenuation correction. The OSEM algorithm with
16 subsets and one iteration was used for
2D image reconstruction. The images produced
using a Butterworth ﬁlter with a cut-off of 12
and order 2 were reconstructed to a 128× 128
matrices. Decay and dead time correction were
automatically performed during the acquisition
step.
18F-FDG PCD imaging
Cardiac images with PCD were obtained 98—109min
after the completion of 18F-FDG PET, which was due
to the count rate limitation of PCD (single count
rate, approximately 1.1 cps). In all patients the
heart was centered in the ﬁeld of view to obtain
optimal count sensitivity as well as axial and trans-
verse resolution by giving the bed a right-sided
offset. Prior to the start of acquisition, pulse height
analysis revealed the absence of pulse pile-up in all
patients. PCD data were acquired with a 180◦ rota-
tion with 32 steps 30 s per step for a total of 16min
at one bed position. Decay and dead time correc-
tion were performed before image reconstruction.
The emission data were corrected by uniform atten-
uation correction using Chang’s method. The OSEM
algorithm with the number of subsets equal to
32, iterations equal to 1, was used for 2D image
reconstruction. The data were rebinned into 96
projections and images were reconstructed to a
128× 128 matrices with a Butterworth ﬁlter (cut-
off: 12, order: 2).201Tl imaging
Each patient received 111MBq of 201Tl. Fifteen
minutes after the 201Tl injection, patients under-
o
i
p
a
1point scoring system (DS): 0 = normal uptake, 1 =mildly
ke.
ent SPECT myocardial imaging. Myocardial SPECT
maging was performed using a PRISM 3000 (Picker)
-headed SPECT system with low-energy, high-
esolution, parallel-hole collimators. The detector
ystem was interfaced to a dedicated nuclear
edicine computer. A total of 60 projection images
ere obtained over 360◦ in 6◦ increments, with
0 s/view for 201Tl. The energy discriminator was
entered on 72 keV for 201Tl with a 30% window.
he data were recorded in 128× 128 matrices on a
agnetic disk. To reconstruct the transaxial tomo-
raphic images from each acquisition, Butterworth
nd ramp ﬁlters were used. The parameter of the
utterworth ﬁlter was >8, and the cutoff frequency
as 0.15—0.17 cycle/pixel. Short- and long-axis
lices (3.2-mm thick) also were generated. Subse-
uently, 3 serial slices (9.6-mm thick) SPECT images
ere generated.
efect score
PECT and PET defect scores were based on one
ertical long-axis slice and three short-axis slices
or each patient. In each patient, the correspond-
ng vertical long- and short-axis tomograms from
he 18F-FDG PET, 18F-FDG PCD, and 201Tl SPECT
mage sets were aligned. Additionally, one verti-
al long-axis slice and three short-axis views at
pical, middle, and basal ventricular levels were
hosen for comparison. The vertical long-axis slice
as used to evaluate the apical region, which was
ivided into two segments. Each short-axis slice
as divided into six segments. The SPECT and
ET images were therefore divided into a total of
0 segments (Fig. 2). All PET and SPECT images
ere displayed and analyzed by two experienced
bservers who were unaware of the patient’s clin-
cal history. Semiquantitative visual analysis was
erformed by assessing regional tracer activities on
4-point scoring system (DS): 0 = normal uptake,
=mildly reduced uptake, 2 = severely reduced
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Table 3 The comparison of 18F-FDG PET and 18F-FDG
PCD images. In 226 of the 300 segments (all segments),
the defect score corresponded between 18F-FDG PET
and 18F-FDG PCD images (75%). In 69 of 143 abnor-
mal uptake segments (=300− 157) the defect score
corresponded between 18F-FDG PET and 18F-FDG PCD
images (48%).
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Table 5 The comparison of 18F-FDG PCD and 201Tl
SPECT images. In 178 of the 300 segments (all
segments), the defect score corresponded between
18F-FDG PCD and 201Tl SPECT images (59%). In 53 of 175
abnormal uptake segments (=300− 125) the defect
score corresponded between 18F-FDG PCD and 201Tl
SPECT images (30%).
T
P
T
d
P
3
u
r
i
T
Sptake, and 3 = no uptake. Disagreements in inter-
retation were resolved by consensus. We deﬁned
he sum of the DS in each patient as the total DS
TDS).
esults
ifteen patients who underwent 18F-FDG PET, 18F-
DG PCD, and 201Tl SPECT were evaluated in this
tudy. A total of 300 segments in 15 patients were
nalyzed to evaluate the defect score from 18F-
DG PET, 18F-FDG PCD, and 201Tl SPECT images. We
ssessed the defect score in all segments (300 seg-
ents), and moreover in abnormal uptake segments
ith myocardial damage due to AMI (defect score
—3).
Table 4 The comparison of 18F-FDG PET and 201Tl
SPECT images. In 161 of the 300 segments (all
segments), the defect score corresponded between
18F-FDG PET and 201Tl SPECT images (54%). In 32 of 171
abnormal uptake segments (=300− 129) the defect
score corresponded between 18F-FDG PET and 201Tl
SPECT images (19%).
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2he comparison of 18F-FDG PET and 18F-FDG
CD images
he overall agreement rate in regional 18F-FDG
efect score for all segments between 18F-FDG
ET and 18F-FDG PCD images was 75% (226 of the
00 segments) (Table 3). In 69 of 143 abnormal
ptake segments (=300− 157) the defect score cor-
esponded between 18F-FDG PET and 18F-FDG PCD
mages (48%) (Table 3).
he comparison of 18F-FDG PET and 201Tl
PECT images
he overall agreement rate in regional defect score
or all segments between 18F-FDG PET and 201Tl
PECT images was 54% (161 of the 300 segments)
Table 4). In 32 of 171 abnormal uptake seg-
ents (=300− 129) the defect score corresponded
igure 3 The TDS of the 18F-FDG PET image was
4.4± 7.7. The TDS of the 18F-FDG PCD image was
8.7± 7.7. The TDS of the 201Tl SPECT image was
4.1± 11.5.
q
t
u
t
l
a
d
y
t
g
o
t
c
N
a
a
u
1
t
i
m
r
g
p
o
o
n
e
I
t
w
m
t
p
t
u
T
t
n
1
y
P
w
p
b
i
m
r
s
d270
between 18F-FDG PET and 201Tl SPECT images (19%)
(Table 4).
The comparison of 18F-FDG PCD and 201Tl
SPECT images
The overall agreement rate in regional defect score
for all segments between 18F-FDG PCD and 201Tl
SPECT images was 59% (178 of the 300 segments)
(Table 5). In 53 of 175 abnormal uptake seg-
ments (=300− 125) the defect score corresponded
between 18F-FDG PCD and 201Tl SPECT images (30%)
(Table 5).
Total defect score
These defect scores were summed to yield TDS for
each image. The TDS of the 18F-FDG PET image
was 14.4± 7.7. The TDS of the 18F-FDG PCD image
was 18.7± 7.7. The TDS of the 201Tl SPECT image
was 24.1± 11.5. The TDS of the 18F-FDG PET image
was signiﬁcantly smaller than that of the 18F-FDG
PCD image. The TDS of the 18F-FDG PET image was
signiﬁcantly smaller than that of the 201Tl SPECT
image. The TDS of the 18F-FDG PCD image was
signiﬁcantly smaller than that of the 201Tl SPECT
image (Fig. 3).
Discussion
The assessment of myocardial viability has an
important role in the diagnostic and prognostic
evaluation after an acute myocardial infarction.
Various techniques have been reported to identify
the viable myocardium, such as SPECT with 201Tl or
99mTc sestamibi, 18F-FDG PET, combination of dual
tracers (e.g. 131I-BMIPP SPECT and 99mTc-TF SPECT),
and dobutamine stressed echocardiography. 201Tl
SPECT has been established as a clinically impor-
tant method to assess perfusion and sarcolammal
integrity, and hence to assess myocardial viabil-
ity. Many studies have compared 99mTc sestamibi
SPECT with 18F-FDG imaging. The majority of these
studies have shown that 18F-FDG imaging is more
sensitive than 99mTc sestamibi SPECT for the detec-
tion of viable myocardium. Several investigators
have suggested that attenuation may be responsi-
ble for this phenomenon because underestimation
of viability by 99mTc sestamibi occurs predominantly
18in the inferior wall. F-FDG PET is considered
the non-invasive ‘gold standard’ for identifying
viable myocardium. However, widespread applica-
tion has been hampered by the relatively high cost
and limited availability of the technique. Conse-
ﬂ
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uently, substantial effort has been invested in
he development of high-energy SPECT imaging
sing 511-keV collimators. The major disadvan-
ages of the approach are its low resolution and
ow counting sensitivity. Coincidence imaging using
parallel, dual-head gamma camera was intro-
uced to overcome these limitations. In recent
ears, much effort has been devoted to comparing
he feasibility and efﬁciency between coincidence
amma cameras and dedicated PET in the ﬁeld of
ncology. Additionally, there have been attempts
o apply the theoretic potential advantages of
oincidence gamma cameras to nuclear cardiology.
evertheless, data on cardiac metabolic imaging
fter revascularization therapy in AMI using 18F-FDG
re still limited.
In this study, we evaluated myocardial viability
sing 18F-FDG PET, 18F-FDG PCD, and 201Tl SPECT.
8F-FDG uptake is known to differ depending on
he dietary condition. 18F-FDG imaging in the fast-
ng state provides a sensitive signal for identifying
yocardial regions with reduced oxygen supply, as
eﬂected by the compensatory shift toward greater
lucose utilization to generate high-energy phos-
hates (hibernating but viable myocardium). In an
vernight fasting condition, 18F-FDG uptake may
verestimate the viable tissue. Lack of 18F-FDG sig-
al in the fasting state, however, may represent
ither normal myocardium or scarred myocardium.
n the glucose-loaded state, 18F-FDG imaging iden-
iﬁes all metabolically viable myocardial regions,
hich include normal, hibernating, and stunned
yocardium [16]. For that reason, we adminis-
ered a deﬁnite dose of glucose (75 g) to each
atient after overnight fasting, and we estimated
he myocardial viability compared with 18F-FDG
ptake in the healthy myocardium relatively. The
DS of 18F-FDG PCD was signiﬁcantly higher than
hat of 18F-FDG PET. We expected there would be
o signiﬁcant difference between 18F-FDG PCD and
8F-FDG PET. Tian et al. reported that regional anal-
sis showed a lower agreement between 18F-FDG
CD and 18F-FDG PET in the inferior and septal
alls compared with the other walls [17]. A false
ositive for myocardial viability could be created
y an overestimation of relative 18F-FDG uptake
n the anterior region, caused by the underesti-
ation of 18F-FDG uptake in the posterior—inferior
egion. Coronary angiography of the 15 patients
howed the culprit vessel was the left anterior
escending coronary artery in 12, the left circum-
ex coronary artery in 2, and the right coronary
rtery in 1. This vessel distribution does not explain
he difference between 18F-FDG PCD and 18F-FDG
ET. In this study, 18F-FDG PCD and 18F-FDG PET
mage acquisitions were started at different times
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fter 18F-FDG administration. The different times
f acquisition might be partly responsible for the
ifferent distribution in the myocardium or other
rgans and blood. Moreover, a higher percentage
f scatter and randomness in 18F-FDG PCD imag-
ng has been reported [18], and pulse pile-up in
he detector system limits the single count rate
f PCD imaging. These factors may have resulted
n lower concordance between 18F-FDG PCD and
8F-FDG PET. Another study reported comparable
verall agreement (93%) between 18F-FDG PCD and
8F-FDG PET in evaluating myocardial viability using
quantitative method. In clinical use, myocardial
erfusion imaging replaces 18F-FDG PET to detect
yocardial viability although many studies have
eported that perfusion imaging can underestimate
yocardial viability. In this study, the TDS of the
01Tl SPECT image was signiﬁcantly higher than that
f the 18F-FDG PET image. The TDS of the 18F-FDG
CD image also was signiﬁcantly lower than that
f the TDS of 201Tl SPECT. Using a gamma cam-
ra, 18F-FDG PCD can detect myocardial viability
ore accurately than 201Tl SPECT. In hospitals that
o not have a PET system, 18F-FDG PCD is a good
odality based on its accuracy, convenience, and
ost-performance for detecting myocardial viabil-
ty.
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